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Abstract
Interaction of Higgs scalar (H) with weak gauge bosons (V =W±, Z0) is the key to understand
electroweak symmetry breaking (EWSB) mechanism. New physics effects in the HV V interac-
tions, as predicted by models of compositeness, supersymmetry and extra dimensions, can be
formulated as anomalous couplings via a generic effective Lagrangian. We first show that the
existing electroweak precision data already impose nontrivial indirect constraints on the anoma-
lous HV V couplings. Then, we systematically study V V → V V scatterings in the TeV region,
via Gold-plated pure leptonic decay modes of the weak bosons. We demonstrate that, even for
a light Higgs boson in the mass range 115GeV . m
H
. 300GeV, this process can directly
probe the anomalous HV V interactions at the LHC with an integrated luminosity of 300 fb−1,
which further supports the “no-lose” theorem for the LHC to uncover the EWSB mechanism.
Comparisons with the constraints from measuring the cross section of V H associate production
and the Higgs boson decay width are also presented.
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1. Introduction
Unraveling the electroweak symmetry breaking (EWSB) mechanism is the most pressing task for the
experiments at the TeV energy colliders, such as the Fermilab Tevatron, the CERN Large Hadron
Collider (LHC), and the future Linear Colliders (LC). The Standard Model (SM), with a single
Higgs boson (H), provides the simplest realization of the EWSB, which however is plagued with
many diseases (such as the triviality and the hierarchy problem) that have intrigued a number of
attractive resolutions including new physics models with dynamical symmetry breaking [1], weak
scale supersymmetry [2], and large or small extra dimensions [3]. If a relatively light Higgs boson
is found at these colliders, its gauge interaction with weak gauge bosons (V = W±, Z0) should be
quantitatively tested as the key to uncover the mechanism of the EWSB. For instance, deviations
in the HV V couplings naturally arise from the composite Higgs models [4, 1], the supersymmetry
models [2], the extra dimension models (with Higgs on or off the standard model brane) [5], and
the deconstruction models (with “little Higgs” from the theory space) [6]. In this Letter, we first
analyze how the updated electroweak precision data already impose nontrivial constraints on the
anomalous HV V couplings. Then, we propose to test the anomalous HV V couplings at the LHC
by quantitatively studying the weak gauge boson scatterings in the TeV regime. We demonstrate
that even for a light Higgs boson in the mass range 115GeV . mH . 300GeV, this process can
sensitively test the HV V interactions, which further supports the “no-lose” theorem [7] for the LHC
to probe the EWSB mechanism. Finally, for comparison, we examine the sensitivity of high energy
colliders to the HV V coupling from the associate V H production, as well as the total decay width
of the Higgs boson.
The Standard Model (SM) is an effective theory, valid only up to certain energy scale Λ, below
which all new physics effects can be parametrized as appropriate effective operators in terms of the
SM fields. The Higgs sector can be economically formulated by the nonlinear realization [8, 9, 10, 11],
which is particularly convenient when the EWSB invokes strong dynamics [1]. Such an effective
Lagrangian was explicitly constructed in Ref. [11], containing the nonlinearly realized Higgs boson
field H (transforming as a weak singlet with its mass mH < Λ), the triplet would-be Goldstone
boson fields −→ω , and the electroweak gauge boson fields. Under the electroweak gauge symmetry,
assuming the invariance of the charge conjugation C and the parity P, as well as the custodial SU(2)c
symmetry (violated only by g′ 6= 0), the effective Lagrangian can be written as, up to dimension-4,1
L(d64)eff = −
1
4
−→
Wµν · −→W µν − 1
4
BµνB
µν +
1
4
(
v2 + 2κvH + κ′H2
)
Tr(DµΣ
†DµΣ)
+
1
2
(∂µH)(∂
µH)− m
2
H
2
H2 − λ3v
3!
H3 +
λ4
4!
H4, (1)
where
−→
Wµν and Bµν are field strengths of the SU(2)L and U(1)Y electroweak gauge fields, respec-
tively; v ≃ 246GeV is the vacuum expectation value characterizing the EWSB; (κ, κ′, λ3, λ4) are
the anomalous coupling constants, and
Σ = exp[i−→τ · −→ω /v] , DµΣ = ∂µΣ+ ig
2
−→τ · −→W µΣ− ig
′
2
BµΣτ3 ,
in which the Pauli matrix τi is normalized as Tr(τi, τj) = 2δij . In terms of the above notations, the
SM Higgs boson has the interactions corresponding to κ = κ′ = 1 and λ3 = λ4 = 3m
2
H/v
2. In the
current study, we assume that except H, all the other Higgs scalars, if exist, are heavy and around
the scale Λ or above, so that only H is relevant to the effective theory.
1An extension of our study to include the linearly realized effective Higgs Lagrangian [12] will be presented else-
where [13].
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2. Constraints from Precision Electroweak Data
As indicated in Eq. (1), there is an important difference between the nonlinearly and the linearly re-
alized Higgs sector. The nonlinear formalism allows new physics to appear in the effective operators
with dimension 6 4 whose coefficients are not necessarily suppressed by the cutoff scale Λ. Hence,
the couplings of Higgs boson to weak gauge bosons can naturally deviate from the SM-values by an
amount of . O(1), according to the naive dimensional analysis [14].
In the unitary gauge, the relevant anomalous HV V couplings to the precision oblique parameters
(S, T, U) [15] take the following form:
[
(κ− 1)2vH + (κ′ − 1)H2]
[
2m2W
v2
W+W− +
m2Z
v2
ZZ
]
. (2)
The deviations of κ and κ′ from 1 represent the effect from new physics. Hereafter, we define
∆κ ≡ κ−1 and ∆κ′ ≡ κ′−1. When calculating radiative corrections using the effective Lagrangian
(1), it is generally necessary to introduce higher dimensional counter terms to absorb new divergences
arising from the loop integration. There are in principle three next-to-leading order (NLO) counter
terms to render the (S, T, U) parameters finite at the one-loop level, called L(2)′ , L(4)1 , L(4)8 [10], i.e.,
ℓ0
v2
16π2
1
4
[
TrT (DµΣ)Σ†
]2
, ℓ1
v2
Λ2
gg′Tr
[
BµνΣ
†
W
µνΣ
]
, ℓ8
v2
Λ2
g2
4
[Tr(TWµν)]2 , (3)
whose coefficients (ℓ0, ℓ1, ℓ8) correspond to the oblique parameters (T, S, U), respectively
2. Here
Wµν =
−→
Wµν·−→τ /2, Bµν = Bµντ3/2, and T ≡ Στ3Σ†. To estimate the contribution of loop corrections,
we invoke a naturalness assumption that no fine-tuned accidental cancellation occurs between the
leading logarithmic term and the constant piece of the counter terms. Thus, the leading logarithmic
term represents a reasonable estimate of the loop corrections3. It is straightforward to compute
the radiative corrections to (S, T, U) due to the HV V anomalous couplings, under the MS scheme,
using dimensional regularization and keeping only the leading logarithmic terms. After subtracting
the SM Higgs contributions (κ = 1) at the reference point mrefH , we find,
4
∆S =
1
6π
[
ln
mH
mrefH
− (κ2−1) ln Λ
mH
]
, ∆T =
3
8πc2w
[
− ln mH
mrefH
+ (κ2−1) ln Λ
mH
]
, ∆U = 0 , (4)
where the lnΛ term represents the genuine new physics effect arising from physics above the cut-off
scale Λ [17]. For a SM Higgs boson (κ = 1), a heavier Higgs mass will increase ∆S and decrease
∆T . Choosing the reference Higgs mass mrefH to be mH can further simplify Eq. (4) as
∆S = − κ
2 − 1
6π
ln
Λ
mH
, ∆T = +
3(κ2 − 1)
8πc2w
ln
Λ
mH
, ∆U = 0 . (5)
For a given value of Λ andmH , when |κ| > 1, we have ∆S < 0 and ∆T > 0. This pattern of radiative
corrections allows a relatively heavy Higgs boson to be consistent with the current precision data
(cf. Fig. 1a). Moreover, Eq. (5) also indicates that the loop contribution from κ 6= 1 induces a
sizable ratio of ∆T/∆S = −9/(4c2w) ≈ −3 .
2 Comparing to L
(4)
1 , L
(4)
8 has the same dimension, but contains two new SU(2)c-violating operators of T , so that
we expect ℓ8/ℓ1 ∼ 1/16π
2
∼ 10−2 ≪ 1. This generally leads to U ≪ (S, T ) .
3 This approach is commonly used in the literature for estimating new physics effects in effective theories [16].
4At the one-loop order, the coupling κ′ has no contribution to the S, T and U parameters.
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Figure 1: ∆S−∆T contours (a) from the current precision electroweak data, and (b) from including
the expected Tevatron Run-2 sensitivity to mW and mt [assuming the current central values of
(mW , mt) with an error of (20MeV, 2GeV)]. Here, we set m
ref
H = 100GeV and ∆U = 0 in the
global fit. The dotted curve in (a) is the 95%C.L. bound after including the NuTeV data.
If one assumes that there were no new physics beyond the SM, a global fit to the current precision
electroweak data would suggest the SM Higgs to be light, with a central value mH = 83GeV
(significantly below the LEP2 direct search limit mH > 114.3 GeV [18]) and a 95%C.L. limit on the
range of Higgs boson mass: 32GeV 6 mH 6 192GeV. However, it was recently pointed out that
in the presence of new physics, such a bound can be substantially relaxed [19, 20, 21, 22, 23]. In the
above fit we did not include the latest NuTeV data. If the NuTeV data is included, the value of the
minimum χ2 of the global fit increases substantially (by 8.7), indicating a poor quality of the SM
fit to the precision data. (This fit gives a similar central value, mH = 85GeV, and 95%C.L. mass
range 33GeV 6 mH 6 200GeV.) A similar increase of χ
2 (by 8.9) also appears in the ∆S −∆T
fits, suggesting that the NuTeV anomaly cannot be explained by the new physics effect arising from
the oblique parameters (∆S, ∆T ) alone. Since the potential problems with the NuTeV analysis are
still under debate [24], the NuTeV data will not be included in the following analysis5. In Fig. 1(a),
we show the ∆S−∆T bounds (setting mrefH = 100GeV), derived from the global fits with the newest
updated electroweak precision data [25, 26]. Furthermore, for mrefH = 115 (300) GeV and ∆U = 0,
the global fits give
∆S = 0.01 (−0.07) ± 0.09 , ∆T = 0.07 (0.16) ± 0.11 . (6)
What also shown in the same figure is the contribution to ∆S and ∆T from the SM Higgs boson
with different masses. Fig. 1(b) shows that the upcoming measurements of the W± mass (mW ) and
top mass (mt) at the Tevatron Run-2 can significantly improve the constraints on the new physics
via the oblique corrections, where the current Run-1 central values of (mW , mt) are assumed, but
with their errors reduced to the planned sensitivity of 20MeV and 2GeV, respectively.
5 For comparison, in Fig. 1(a) we have displayed a 95%C.L. contour (dotted curve) from the fit by including the
NuTeV anomaly.
3
10 2
10 3
10 4
10 5
-1 0 1
Λ 
(G
eV
)
(a)
mH = 115GeV
95%C.L.
Allowed
0.5 1
(b)
mH = 300GeV
95%C.L. Bound
Allowed
10 2
10 3
10 4
10 5
0.5 1
Coupling κ − 1
(c)
mH = 800GeV
95%C.L.
Allowed
Figure 2: Constraints on the new physics scale Λ as a function of the anomalous coupling ∆κ. The
regions below the solid curves and above the dashed lines in (a) or between the two solid curves in
(b)-(c) are allowed at the 95%C.L. The dashed lines indicate the value of Higgs mass mH .
Given the allowed range of (∆S, ∆T ), as shown in Fig. 1(a), we can further constrain the new
physics scale Λ as a function of the anomalous coupling ∆κ for a given mrefH = mH value [cf. Eq.(5)].
The results are depicted in Fig. 2. Alternatively, from Fig. 2, we can constrain the range of ∆κ for
given values of (Λ, mH), as summarized in Table 1.
Table 1: The 95%C.L. limits on ∆κ for typical values of new physics scale Λ and Higgs mass mH .
Λ = 1TeV 10TeV 100TeV
mH = 115GeV −0.15 6 ∆κ 6 0.23 −0.069 6 ∆κ 6 0.12 −0.045 6 ∆κ 6 0.08
300GeV −0.074 6 ∆κ 6 0.60 0.027 6 ∆κ 6 0.24 0.016 6 ∆κ 6 0.15
800GeV (excluded) 0.20 6 ∆κ 6 0.45 0.11 6 ∆κ 6 0.26
Fig. 2 and Table 1 show that for mH & 250 − 300GeV, the ∆κ < 0 region is fully excluded,
while a sizable ∆κ > 0 is allowed provided Λ is relatively low. Furthermore, for mH & 800GeV,
the region Λ < 1.1TeV is excluded. For mH & 250 − 300GeV, the preferred range of ∆κ > 0
requires the couplings of HW+W− and HZZ to be stronger than that of the SM, so that the
direct production rate of the Higgs boson, via either the Higgs-strahlung or the V V fusions in high
energy collisions, should raise above the SM rate. On the other hand, for mH . 250GeV, the direct
production rate of the Higgs boson can be smaller or larger than the SM rate depending on the
sign of ∆κ. Thus, when ∆κ < 0, a light non-standard Higgs boson may be partially hidden by its
large SM background events. However, in this case, the new physics scale Λ will be generally low.
For instance, when mH = 115GeV, a negative ∆κ = −0.15 (−0.28) already forces Λ 6 1 (0.4) TeV.
Finally, we note that for certain class of models the new physics may also invoke extra heavy
fermions such as in the typical top-seesaw models with new vector-like fermions [19, 1] or models
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with new chiral families [21]. In that case, there can be generic positive contributions to ∆T , so
that the ∆κ < 0 region may still be allowed for a relatively heavy Higgs boson, but such possibilities
are very model-dependent. In our current effective theory analysis, we consider the bosonic HV V
couplings as the dominant contributions to the oblique parameters, and assume that other possible
anomalous couplings (such as the deviation in the gauge interactions of tbW/tt¯Z) may be ignored.
However, independent of these assumptions, the most decisive test of the HV V couplings can come
from direct measurements via Born-level processes at the high energy colliders, which is the subject
of the next two sections.
3. Probing HV V Interaction from Weak Boson Scattering
When a light Higgs boson (less than about 300GeV) is detected, the anomalous coupling κ may
be measured from the production and the decay of the Higgs boson (cf. next section). Moreover,
it is important to study the weak-boson scatterings in the TeV region and test whether this Higgs
boson is truly responsible for the mechanism of the spontaneous EWSB, i.e., for generating the
longitudinally polarized weak bosons (and their observed masses). Consider the effective Lagrangian
(1). When κ = 1, the weak gauge boson scatterings in the TeV region will be dominated by the
transversely polarized weak bosons (denoted as VT ) and the scattering amplitudes will be small
when the Higgs boson is light. However, when κ 6= 1 and |∆κ| = O(1), the weak boson scatterings
in the TeV regime will be dominated by the longitudinally polarized weak bosons (denoted as VL)
and the scattering amplitudes will grow as the invariant mass of the weak boson pair (denoted as E)
increases. Applying the electroweak power counting method [27], we find that the VTVT scattering
amplitude behaves as g2κ2E0 and the VLVL scattering amplitude rapidly grows as (κ
2 − 1)E2/v2.
For a large E and ∆κ 6= 0, the VLVL scattering can dominate the V V → V V processes, and the
growth of the event rate can sensitively probe the deviation ∆κ.
As shown in Fig. 2, for mH & 250 − 300GeV, the precision electroweak data already exclude a
negative ∆κ. Hence, if new physics effect sets in the HV V coupling κ = 1 + ∆κ, the production
rates of V H and qq → qqH, and the total decay width of H should raise above the SM predictions.
It can be the case that for a sizable ∆κ > 0, the total width of H becomes so large that H cannot be
detected as a sharp resonance [28] and therefore escapes the detection when scanning the invariant
mass of its decay products around mH region. In this case, can we still probe such a sub-TeV Higgs
boson? The answer is yes: as explained above, it unavoidably leads to enhanced V V -scattering
amplitudes of O((κ2 − 1)E2/v2) in the TeV region, detectable at the LHC. On the other hand, if
∆κ is considerably negative, the on-shell production rate of a light Higgs boson via Higgs-strahlung
or V V fusion becomes so small that it may escape the detections under these channels. However,
in this case, the VLVL scattering amplitude has to still grow up with E
2 and become large at
the TeV scale due to the anomalous ∆κ coupling! Therefore, even if a light Higgs boson exists,
studying the V V scattering in the TeV regime remains important for testing the true nature of its
gauge interactions and the origin of the spontaneous EWSB. Based upon the above observations, we
propose to directly test the anomalous coupling ∆κ by studying V V scatterings in the TeV region
at the LHC. We will show that rather sensitive tests of ∆κ can be performed by measuring the cross
sections of the longitudinal weak-boson scattering, VLVL → VLVL, especially W+L W+L →W+L W+L .
The scattering amplitude of V V → V V contains two parts: (i) the amplitude T (V, γ) re-
lated solely to electroweak gauge bosons, and (ii) the amplitude T (H) related to the Higgs boson
exchanges. In the SM (κ = 1), the HV V vertex contains the same gauge coupling as in the non-
Abelian interaction of the weak bosons. At high energies, both T (V, γ) and T (H) grow with E2.
However, for κ = 1, the E2-dependent pieces in the two amplitudes precisely cancel in the sum
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T (V, γ)+T (H) so that the total amplitude only has E0-dependence, respecting the unitarity of the
S-matrix. For the non-standard Higgs boson, κ 6= 1 originates from the new physics above Λ, and
the two E2-dependent pieces do not cancel, making the total amplitude grow as (κ2 − 1)E2/v2 in
the region below Λ. Such anomalous E2-behavior (rather than E0-behavior of the SM amplitude)
occurs only in the VLVL → VLVL channel and is rather sensitive to ∆κ .
To analyze the LHC sensitivity to probing the anomalous HV V coupling, we compute the cross
sections for pp → jjV V numerically using the parton distribution functions CTEQ6L [29]. We
consider only the gold-plated (pure leptonic decay) modes of the final state V ’s in order to avoid
the large hadronic backgrounds at the LHC. Even in this case, there are still several classes of large
backgrounds to be eliminated, including the electroweak (EW) background, the QCD background,
and the top quark background studied in Refs. [30, 31]. Following Refs. [30, 31], we require forward-jet
tagging, central-jet vetoing and detecting isolated leptons, nearly back to back, with large transverse
momentum in the central rapidity region to suppress the backgrounds. Since we compute the exact
tree-level amplitudes of pp → jjV V without invoking the effective-W approximation (EWA), our
numerical results are valid not only for large |∆κ| values but also for small |∆κ| region where the VL-
contribution to V V -scatterings becomes comparable or smaller than that of VT (for mH . 300GeV)
and the signal detection is much harder.
Following the above procedures, we compute the tree-level cross sections of the scattering pro-
cesses pp(V V ) → V V jj → ℓℓℓℓjj. We find that the most sensitive channel to determine ∆κ is
W+L W
+
L → W+L W+L due to its small background rates. In Table 2, we summarize the number of
events (including both signals and backgrounds) for this most sensitive channel pp→ W+W+jj →
ℓ+νℓ+νjj in the range of −0.4 6 ∆κ 6 0.4 and 115GeV 6 mH 6 300GeV, with an integrated
luminosity of 300 fb−1.
Table 2: Number of events at the LHC (300 fb−1) for pp→W+W+jj → ℓ+νℓ+νjj (ℓ = e, µ) with
various values of mH (GeV) and ∆κ in the non-standard Higgs model, where ∆κ = 0 corresponds
to the SM. Values of the statistical significance NS/
√NB are shown in the parentheses.
∆κ = −0.40 −0.30 −0.24 −0.21 −0.18 0.00 0.18 0.21 0.23 0.30 0.40
m
H
= 115 34(4.9) 27(3.1) 23(2.1) 21(1.5) 19(1.0) 15 23(2.1) 25(2.6) 27(3.1) 37(5.7) 58(11)
130 34(4.9) 27(3.1) 23(2.1) 21(1.5) 19(1.0) 15 23(2.1) 25(2.6) 27(3.1) 37(5.7) 57(11)
200 35(5.2) 28(3.4) 24(2.3) 23(2.1) 21(1.5) 15 20(1.3) 23(2.1) 25(2.6) 33(4.6) 52(9.6)
300 36(5.0) 30(3.5) 26(2.5) 24(2.0) 23(1.8) 16 19(0.8) 22(1.5) 23(1.8) 29(3.3) 43(6.8)
From our analysis, we find that the kinematic cuts of Ref. [30] can effectively suppress the
backgrounds relative to the signal for the case with ∆κ significantly different from zero since the
E2-dependence of theWLWL amplitude enhances the signal. However, for ∆κ close to zero, only the
QCD and top quark backgrounds are negligibly small, while the EW background is still quite large
compared to the signal. For instance, when ∆κ = 0, we see that the 15 ∼ 16 SM-events formH 6 300
GeV in Table 2 come essentially from the WTWL and WTWT contributions (EW backgrounds). So,
under these cuts, the real background events are given by, NB = N [∆κ = 0] = 15 ∼ 16 . We can
then define the signal events for ∆κ 6= 0 as NS = N [∆κ 6= 0] −NB . To see the sensitivity of the
LHC for discriminating the cases between ∆κ 6= 0 and ∆κ = 0 (SM), we also show the statistical
significance NS/
√NB in the parentheses in Table 2. The values of ∆κ corresponding to the 2σ
level of deviations from the SM are explicitly displayed in Table 2. Hence, if the ∆κ 6= 0 effect is
not detected, the LHC can constrain the range of ∆κ to be about
− 0.2 < ∆κ < 0.2 , (7)
6
at the 2σ level.
Before concluding this section, we discuss the possible unitarity violation in the scattering process
pp → W+W+jj → ℓνℓνjj (for κ 6= 1), whose leading contribution comes from the sub-process
W+L W
+
L → W+L W+L when the initial W+L W+L are almost collinearly radiated from the incoming
quarks or antiquarks. The scattering amplitude of W+L W
+
L → W+L W+L contributes to the isospin
I = 2 channel, and in the high energy region (E2 ≫ M2W ,m2H), is dominated by the leading
E2-contributions, T [I = 2] ≃ (κ2 − 1)E2/v2. According to the partial-wave analysis, its s-wave
amplitude aI,J=2,0 is given by
a20 ≃
(
κ2 − 1) E2
16πv2
, (8)
where E = MV V . The unitarity condition for this channel is, |ℜe a20| < 2!/2 = 1 , and the factor
2! is due to the identical W+W+ in the final state. This results in a requirement,
√
1− 16πv
2
E2
< |κ| <
√
1 +
16πv2
E2
. (9)
For instance, it constrains |κ| < 3.6 for E = 500GeV, and 0.5 (0.8) < |κ| < 1.3 (1.2) for E =
2 (3) TeV. Hence, the expected sensitivity of the LHC to determining ∆κ [cf. Eq. (7)] is consistent
with the unitarity limit since the typical invariant mass of the W+W+ pair, after the kinematic
cuts, falls into the range 500GeV 6 E 6 2 ∼ 3TeV. The contributions from higher invariant mass
values are severely suppressed by the parton luminosities [30, 27] and thus negligible.
4. Other Measurements
The anomalous HV V coupling can also be measured from the associate production of the Higgs
boson with the weak boson, as well as the total decay width of the Higgs boson.
4.1. Constraints from the V H Associate Production
The anomalous HV V coupling can be directly measured via the associate V H production in the
lepton or hadron collisions, e−e+, qq′ → V H. The LEP-2 Higgs search puts a direct bound,
mSMH > 114.3GeV [18]. For a non-SM Higgs boson, this lower bound can be weakened. For instance,
in the supersymmetric SM, the HZZ coupling is smaller than its SM value by a factor sin(α − β)
or cos(α−β), depending on whether H is the lighter or heavier CP-even state, and this lower bound
is reduced to about 90GeV [18]. If the SM Higgs boson weighs about 110GeV, Tevatron Run-2 will
be able to detect it. Assuming an integrated luminosity of 10 fb−1, the number of expected signal
events is about 27 and the background events about 258, according to the Table 3 (the most optimal
scenario) of Ref. [32]. Therefore, the 1σ statistic fluctuation of the background event is about 16.
Consequently, we find, at the 1σ (2σ) level, 0.6 < |κ| < 1.2 (|κ| < 1.5) .6 Similarly, we can estimate
the bounds on |κ| for various mH values as below
1σ 2σ
mH = 110 GeV : 0.6 6 |κ| 6 1.2 , 0 6 |κ| 6 1.5 ;
mH = 120 GeV : 0.4 6 |κ| 6 1.4 , 0 6 |κ| 6 1.6 ;
mH = 130 GeV : 0 6 |κ| 6 1.5 , 0 6 |κ| 6 1.8 .
(10)
6This bound can be improved by carefully examining the invariant mass distribution of the bb¯ pairs in the Higgs
decay.
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It is clear that the above limits can be further improved at the Tevatron Run-2 by having a larger
integrated luminosity until the systematical error dominates over the statistical error. The same
process can also be studied at the LHC to test the anomalous coupling κ. However, because
of much larger background rate at the LHC, the improvement on the measuring κ via the V H
associate production is not expected to be significant.
4.2. Constraints from Decay Width of Higgs Boson
Another method to determine κ is to measure the decay width of the Higgs boson. When mH >
2mZ , the decay process H → ZZ → 4µ is one of the “gold-plated” channels (the pure leptonic
decay modes) that allow the reconstruction of the ZZ invariant mass with a high precision. Thus,
the total decay width of the Higgs boson can be precisely measured. A detailed Monte Carlo analysis
for such a measurement at the LHC was carried out in Ref. [33]. Assuming that there is no non-SM
decay channel open except the presence of the anomalous HV V coupling κ, we can directly convert
the results of Ref. [33] to the limits on κ. Since the decay branching ratios of H → W+W−/ZZ
for the SM Higgs boson become dominant when mH & 200GeV, the total width measurement can
impose a strong constraint on κ. From the Table 3 of Ref. [33], we can derive the accuracy on the
determination of κ from the relation −n∆Γ ≤ Γ(κ) − Γ(κ = 1) ≤ n∆Γ, where n = 1, 2 denote the
1σ and 2σ accuracy, respectively, Γ(κ) is the Higgs width for a given value of κ, Γ(κ = 1) is the SM
Higgs width and ∆Γ is the expected experimental error of the width measurement. We find that
at the LHC (with an integrated luminosity of 300 fb−1), measuring the total Higgs decay width via
pp→ H → ZZ → 4µ can constrain κ as
1σ : 0.9 6 |κ| 6 1.1 , 2σ : 0.8 6 |κ| 6 1.2 , (for mH = 200−300GeV). (11)
Before closing this section, a few remarks are in order. First, when the Higgs boson is lighter
than 2mZ , it is expected that the production rate of qq → qqH with H → WW ∗ → ℓℓ′ 6ET is
large enough to be detected at the LHC and the HWW coupling can be determined by studying
the observables near the Higgs boson resonance [34]. Similarly, at the future Linear Colliders, the
anomalous HZZ coupling can be measured via e−e+ → ZH(→ bb¯) [35]. The implication of these
measurements to the determination of κ will be presented elsewhere [13]. Finally, another important
effect of an anomalous ∆κ is to modify the decay branching ratio of H → γγ, and consequently,
the production rate of gg → H → γγ at the LHC. As a function of κ, Br[H → γγ] decreases when
κ is moving above 1, and increases otherwise [13].
5. Conclusions
In this work, we studied the constraints on the anomalous HV V coupling ∆κ from the latest preci-
sion electroweak data and from the high energy VLVL scatterings at the upcoming LHC experiments.
Comparisons were also made with the other limits derived from the associate production rate of V H
and the total decay width of the Higgs boson. We showed that the existing precision data already
impose nontrivial constraints on the allowed ranges of ∆κ and the new physics scale Λ (cf. Fig. 2
and Table 1). We further demonstrated that the VLVL scatterings, especially W
+
L W
+
L → W+L W+L
channel, can sensitively test ∆κ at the LHC, with an integrated luminosity of about 300 fb−1 (cf.
Table 2). Hence, VLVL scatterings are not only important for probing strongly interacting EWSB
mechanism [7, 30, 27] when there is no light Higgs boson, but also valuable for testing the anoma-
lous HV V interactions when the Higgs boson is relatively light. It is particularly important when
a positive ∆κ causes a broad Higgs resonance that may be hidden by its backgrounds, or when a
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negative ∆κ makes the production rate of a light Higgs boson too small to be detected near the
Higgs resonance. In either case, because a SM Higgs boson would perfectly saturate the unitarity,
the enhanced VLVL-scattering signals in the TeV region directly test the anomalous HV V couplings
and thus probe the underlying EWSB mechanism.
The classic “no-lose” theorem asserts that the LHC, capable of observing the VLVL scatterings
at 1− 2TeV scale, will not fail to test the EWSB mechanism [7]. Our study provides a new support
of this theorem by showing that even if there exists a Higgs boson as light as 115 − 300GeV
and some of its on-shell production channels may be hard to detect, the VLVL scatterings at the
LHC can still become strong in the TeV regime due to the anomalous HV V interactions. To
further discriminate such a non-standard light Higgs boson from a strongly interacting EWSB
sector with no light resonance will eventually demand a multi-channel analysis at the LHC by
searching for the light resonance through all possible on-shell production channels, including the
gluon-gluon fusion (unless its interactions with heavy quarks, such as the top and bottom quarks,
are highly suppressed). Indeed, the physics with unraveling the EWSB mechanism could be much
more intricate than naively expected, and studying the V V scatterings at TeV scale is important
for guiding the light Higgs searches via its on-shell production, as well as for testing the EWSB
mechanism via HV V interactions after a light Higgs resonance is found.
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